Introduction: As countries move toward universal HIV treatment, many individuals fail to link to care after diagnosis of HIV. Efficient and effective linkage strategies are needed.
INTRODUCTION
The therapeutic and preventive benefits of antiretroviral therapy (ART) highlight the need and the urgency to identify individuals living with HIV, link them to care, and initiate them on ART. [1] [2] [3] However, many people diagnosed with HIV fail to link to HIV care after diagnosis or link after long delays. [4] [5] [6] Poor linkage to care is reported across sub-Saharan Africa, the region most heavily burdened by the HIV epidemic, [7] [8] [9] posing a threat to the 90-90-90 UNAIDS strategy, which aims to ensure 90% of those living with HIV are aware of their status, 90% of those diagnosed are on ART, and 90% of those on ART achieve virological suppression. 10, 11 Linkage to care may prove an even greater challenge in the context of population-based HIV testing and the current World Health Organization's (WHO) treatment guidelines, under which every person living with HIV is eligible for ART to achieve better patient health outcomes and prevention of new infections. 12 The population in greatest need of linkage continues to be those with advanced disease and at highest risk of death; however, in the context of populationwide test and treat, the population in need of linkage may increasingly be recently infected individuals, individuals who previously failed to link, or who have dropped out of care, asymptomatic persons, and individuals who have characteristics, such as mobility, that pose a challenge to both testing and linkage. Population approaches using mobile communitybased interventions may further experience difficulties with linkage because testing is conducted outside health facilities. Recently completed and ongoing test-and-treat trials using community-based testing strategies (TasP and PopART trials conducted in South Africa and Zambia) report delayed time to linkage and low rates of linkage to care. 11, 13 These results highlight the importance of addressing linkage to care where HIV "test-and-treat" is part of the strategy to improve health and control the HIV epidemic.
We sought to evaluate a multicomponent, patientcentered linkage strategy implemented within the context of the SEARCH (Sustainable East Africa Research in Community Health) study, a population-based, community-wide test-andtreat trial in Kenya and Uganda when the ART eligibility criteria for the standard of care was CD ,350 or WHO stage 3 or 4 disease. 14 The multicomponent linkage strategy consisted of a patient-centered approach tailored to the setting, 15 targeting the documented structural, health system, and behavioral barriers that hinder care engagement. [16] [17] [18] Patient-centered care has been defined as "care that focuses on the patient and the individual's particular health care needs. The goal of patientcentered health care is to empower patients to become active participants in their care". 19 In this analysis, we evaluated linkage to HIV care among individuals newly diagnosed with HIV and those previously diagnosed but not currently in care, and evaluated factors associated with failure to link.
METHODS

Study Setting and Population
The linkage to care intervention was nested in the intervention communities of the SEARCH study (NCT01864603), a community-based cluster randomized trial in rural Kenya and Uganda that evaluated a multidisease, patient-centered approach to reducing HIV incidence and improving community health and productivity. To achieve high uptake of community-wide testing, mobile, multidisease Community Health Campaigns (CHCs) lasting approximately 2 weeks per community were combined with home-based HIV testing (HBT) for those residents who were enumerated in a baseline census but who did not attend the CHC in their community. 20 The multidisease screening conducted included hypertension, diabetes, cervical cancer, and HIV screening with treatment of common ailments and immunization for children. 20 
Identification of the Linkage Cohort
Census-enumerated individuals aged 15 years and older in the 16 SEARCH study intervention communities (10 in Uganda and 6 in Kenya) who tested positive for HIV by rapid HIV antibody tests between June 2013 and June 2014 and were in need of linkage to HIV care were eligible for inclusion in this analysis. Individuals were defined as in need of linkage if they: (1) were newly diagnosed with HIV by rapid HIV antibody tests or (2) self-reported a previous diagnosis of HIV, but stated that they were not currently in HIV care and had no evidence of being in HIV care after review of medical and laboratory records.
Linkage to Care Intervention
Our linkage to care intervention strategy comprised a patient-centered, multicomponent approach with the goal of linking patients to care and starting ART as soon as possible. The accelerated linkage intervention included multiple components, each designed to address a previously identified barrier to linkage. First, at the time of HIV testing, participants were immediately introduced to clinic staff either in person for participants who tested at a health campaign, or using a study-provided phone for participants who tested at home or other location. These personal introductions: (1) established personal rapport between participant and clinic staff; (2) addressed any participant questions about HIV or the care provided in clinic; (3) assured participants of a patientcentered warm friendly environment with flexible clinic hours; and (4) provided patients with a telephone "hot-line." The "hot-line" consisted of a number that patients could call or text message at any time to ask questions or request support, such as rescheduling clinic appointments without having to attend the clinic in person. Second, patients were provided a 1-time reimbursement for transportation on linkage (2-12.5 US dollars depending on distance from home to clinic). Third, patients received an appointment reminder phone call the day before the clinic appointment. Finally, patients who missed their linkage appointment were called to reschedule their clinic visit; home visits to reschedule clinic visit were performed if the phone call intervention was not successful.
Linkage Outcome Measures
We defined date of linkage to care as date of a first HIV clinic visit made at any health facility within or adjacent to the SEARCH community after the community-based HIV test. "Accelerated linkage" was defined as linking to care within 7 days of HIV diagnosis. At time of the first visit, individuals and their medical records (paper or electronic) were identified at SEARCH trial-affiliated ART clinics by fingerprintbiometric matching and name. At non-SEARCH trialaffiliated clinics, unique identifiers (clinic ID numbers) and demographics were used to identify medical records. Linkage for all participants in this analysis was determined using patient medical records only.
Participant Characteristics
Participant sex, age, marital status, education, occupation, region, stable residence (defined as residing in the community for $6 months in the previous year), access to a mobile phone, and self-reported previous HIV testing data were collected at baseline census and at time of HIV testing at CHC or HBT. Socioeconomic status was assessed using an asset score derived from a principal component analysis of the presence of electricity in the home and ownership of clock, radio, television, phone, refrigerator, bicycle, and motorcycle. 21 Baseline CD4 + T-cell count and plasma HIV RNA level were measured at time of HIV testing. High HIV-risk occupation was defined as employment in an occupation reported to be associated with higher HIV prevalence in the literature for East Africa [22] [23] [24] and included fishermen, bar owners, bar workers, tourism personnel, and drivers of trucks, taxis, motorcycles, bikes, or boats. HIV testing location was classified as CHC vs. HBT.
Statistical Analysis
The Kaplan-Meier estimator was used to estimate cumulative linkage over the 365 days after baseline HIV testing at CHC or tracking, censoring at death. We calculated estimates of cumulative linkage by 1, 3, 7, 30, 90, 182, and 365 days after HIV testing. 25 To assess factors associated with linkage to care, univariate and multivariate Poisson regression with robust error variance were used to assess predictors of linkage within 7 days, 30 days, and 1 year, treating death before linkage as failure to link. Community of residence was included as a fixed effect. Variables to be included in the adjusted model were selected a priori based on factors identified in literature as predictive of linkage to care and included age, sex, marital status, occupation, education, point of testing, wealth index, baseline CD4 + T cells, previous knowledge of HIV status, and having a phone contact. 6, 26 Subjects with missing data for asset score measurement were assigned the population mean asset score. Missing baseline laboratory CD4 + T-cell count was treated as its own informative category.
Ethics
The Kenya Medical Research Institute Ethical Review Committee (Kenya), Ugandan National Council on Science and Technology (Uganda), Makerere University School of Medicine Research and Ethics Committee (Uganda), and University of California San Francisco Committee on Human Research (USA) approved the study. All participants provided verbal consent in their preferred language.
RESULTS
Linkage to Care Cohort
A total of 88,627 household census-enumerated individuals aged 15 years and older were approached for HIV testing in the 16 SEARCH intervention communities. Through mobile community-and HBT, HIV status was determined in 80.5% (n = 71,308) of potentially eligible subjects (Fig. 1 ). Of these, 6811 individuals had positive HIV rapid antibody tests, corresponding to an HIV prevalence of 9.6%. Of these 6811 HIV-positive cases, 4760 (69.9%) had a medical record or laboratory evidence of engagement in HIV care at time of HIV antibody testing. The remaining 2051 people living with HIV were identified as in need of engagement in care and were thus included in the linkage cohort analysis. Among these, 1624 (79.2%) were newly diagnosed with HIV, and 427 (20.8%) reported a previous HIV diagnosis but were not currently engaged in care.
Linkage Cohort Characteristics
Demographic and clinical characteristics of the linkage cohort are presented in Table 1 . The majority (58%) were female, and the median age was 32 years (interquartile range 26-40); 19.3% were younger than 25 years. Geographically, 61.4% resided in Kenya, 27% resided in Southwest Uganda, and 12% resided in East Uganda. The majority (70.5%) tested at a mobile CHC; 29.5% through HBT. Most individuals (72.2%) had access to a mobile phone, and 61.3% had received secondary or tertiary education. At the time of HIV testing, 49% had a CD4 count of $500 cells/mL, and 28% had a CD4 + T-cell count below 350 cells/mL. The median plasma HIV RNA level was 34,004 copies/mL.
Linkage to Care
Of the 2051 adults in the linkage cohort, 1503 [73.4%, 95% confidence interval (CI): 71.5% to 75.3%] were linked to care within 1 year of HIV testing. Among those who linked, 60% (n = 896) self-linked to care, with the remaining 40% (n = 607) linking after outreach tracking. Cumulative linkage in days from HIV testing is depicted in Figures 2 and 3 . Overall, 42.9% (95% CI: 40.8 to 45.0) individuals linked on the same day of HIV testing, 46.2% (95% CI: 44.1 to 48.4), within 3 days, 49.7% (95% CI: 47.5 to 51.9) within 7 days, 56.6% (95% CI: 47.5 to 58.7) within 30 days, and 61.3% (95% CI: 52.9 to 63.4) within 3 months of testing. Among the 1019 subjects who linked within the "accelerated" linkage period of 7 days, 86% linked on the same day as HIV testing (n = 879), 7% between 0 and 3 days, and 7% between 3 and 7 days. Linkage was higher in Uganda (84%) than Kenya (66%) at 1 year after testing. During the first year after HIV testing, 11 subjects died before linkage-4 from medical causes including 1 with tuberculosis, 1 from traffic accident, and 6 from unknown cause.
Predictors of Linkage to Care
Univariate and multivariate estimates of the strength of association between sociodemographic and clinical characteristics and linkage to care by 7, 30, and 365 days are shown in Table 2 Compared with those who previously tested HIV negative, individuals who had previously tested positive but were not currently in care were about 20% less likely to link within 7 days after their current HIV test: aRR 0.80 (95% CI: 0.70 to 0.92). On the contrary, those who reported not knowing their HIV status were more likely to link to care within 1 month of testing: aRR 1.17 (95% CI: 1.07 to 1.29) for linkage by 7 days and aRR 1.13 (95% CI: 1.04 to 1.23) for linkage by 30 days. We did not observe effect modification by knowledge of HIV status.
DISCUSSION
After population-based, community-wide HIV testing of more than 70,000 adults in rural Kenya and Uganda, a patient-centered, multicomponent strategy linked half of all HIV-positive persons who were not in care to HIV care within 1 week of testing and by 1 year 3 quarters of all individuals had linked. These linkage rates are substantially higher than rates reported under standard-of-care in Kenya (42% by 4 months) and Uganda (45% by 6 months). 8, 9 Among other studies including interventions to improve linkage, some have reported higher linkage rates, [25] [26] [27] [28] but none report rapid linkage rates (within 7 days) as high as observed with this study. As countries move toward universal treatment, a population-based approach that achieves rapid linkage to HIV care for all individuals not currently in care is required to realize the full health and prevention benefits of universal ART. Early data on challenges faced with universal treatment can be found among the first reports of population level HIV test-and-treat studies. 11, 13 In the PopART study conducted in Zambia and South Africa, 53% of HIV-positive individuals not in care linked and initiated ART by 12 months. 13 In the TasP study conducted in South Africa, 29.7% linked by 6 months. 11 Barriers identified in these trials included inconvenient clinic hours, overcrowded clinics, health providers' poor attitude, stigma, and shame. 29 Our intervention aimed to address some of these structural, behavioral, and health system barriers. A patient-centered approach where, eg, the clinic staff is welcoming and interacting with the client from the time of diagnosis thru ART start, flexible clinical hours, appointment reminders, and provider access to make enquiries through phone may have contributed to the high proportion of patients linking within a week of testing. In addition, we scheduled linkage appointments very soon after diagnosis deliberately to accelerate linkage.
After 1 month, the change in cumulative linkage rate slowed, suggesting that a group of more difficult to engage in care patients was being reached. Our multidisease populationbased HIV testing approach achieved high HIV testing coverage across all segments of the population 20 and would be expected to result in a population in need of linkage enriched for "hard-to-reach" subgroups such as young adults, men, and people at early stages of disease, as well as providing a new opportunity to link for previously diagnosed individuals currently out of HIV care. 30 These hard-to-reach individuals may be less motivated to seek care, [31] [32] [33] or may face additional barriers to linkage, and may thus require additional interventions for effective linkage. Interestingly, we found that both previously diagnosed individuals not currently in care and those reporting a new diagnosis after an earlier negative HIV test were at higher risk of failing to link than individuals with no previous HIV test, as were individuals with high CD4 + T-cell count. These individuals may be experiencing other barriers to linkage such as protracted phases of grief after their diagnosis, stigma, disclosure challenges, or failure to see the need for care when not feeling ill. 26, 30, 31 Despite the successful implementation of our multiplecomponent strategy, a quarter of individuals in need of care engagement were not linked to care by 1 year. Our analysis of factors associated with failure to link to care identified some of the most difficult to engage subgroups including young adults. In agreement with other studies, 6, 26, 27, 34 being young was associated with a lower likelihood of linking to care at all 3 time points evaluated; other studies have, however, shown conflicting findings with older individuals having lower linkage rates. 35 Individuals working in high-HIV-risk occupations such as fishing and transportation were also less likely to link possibly due to the mobile nature of these occupations, rigid work-time schedules, and the high levels of HIVassociated stigma within these subgroups. The young and 30 For both their own health and to optimize prevention impacts, innovative approaches are needed to engage them in care. We also observed lower linkage rates among people identified through HBT compared with individuals diagnosed through the mobile CHCs, those with higher CD4 counts, and those who had been previously diagnosed with HIV but were not in care. This is consistent with findings of other studies. 30, 36 Home-based testing after community health fairs likely taps into a different, more difficult to engage population and may reach individuals with different health-seeking behaviors, possibly because of higher anticipated HIV stigma. 30, 37 Being asymptomatic and feeling healthy may be responsible for the lower linkage rates observed among high CD4 participants. Lower linkage among high CD4 patients is a concern in the treat-all era and may present a challenge in using ART for treatment as prevention. This hurdle requires patient empowerment at time of diagnosis through provision of information on benefits of treatment in the early stages of disease even when asymptomatic and use of viral load monitoring to demonstrate to patients the value of treatment. Linkage was also lower in Kenya as compared to Uganda; this may be due to higher stigma and differences in healthseeking behaviors between the 2 countries. 38 After adjustment for other risk factors, individuals with the highest household wealth seemed less likely to link, in contrast to findings by other studies. 6 This association we speculate may be due to wealthier individuals accessing care at private clinics located distant from the study community due to stigma. Although we confirmed linkage at clinics outside the study communities, we were unable to confirm linkage to care for individuals seen at such clinics.
We did not find a difference in linkage based on sex, education level, or access to a phone. Lack of association with sex confirms findings of other research, 35, 38 although association has been seen in some settings. 34, [39] [40] [41] Lack of association with formal education level, however, is in contrast to findings by other studies. 6 This may be because of the many years of widespread HIV sensitization programs in Uganda and Kenya, which have increased overall knowledge and awareness about HIV to all regardless of educational level.
Our study had several strengths. In contrast to most linkage to care studies that are health facility-based, our population-based study and high HIV testing coverage allows us assess linkage inclusive of difficult to reach patients that may not get tested at a health facility. It is important to note that population-based testing was aimed at determining baseline population HIV prevalence and was also required for determination of the primary endpoint of the main SEARCH study and within this setting; our linkage strategy was aimed at optimizing linkage of those not engaged in care on testing. In addition, this is one of the first studies to examine linkage to care under an implementation of universal HIV treatment and a comprehensive test-and-treat strategy in a rural area. Furthermore, linkage was verified by and based on medical records thus overcoming a social desirability bias that would be introduced by using patient self-report. Our study was also subject to limitations. We were only able to verify linkage in health facilities that we could access within and around our study communities. It is possible that some participants linked to more distant health facilities, and therefore, we are reporting conservative estimates of true linkage rate. Second, we are not able to tell which specific component in our multicomponent strategy made the biggest difference in linkage, but it is important to note that the intervention was designed to be delivered as a package that simultaneously addressed multiple barriers to timely linkage. Finally, participant self-report of knowledge of HIV status may have lead to misclassification as a result of social desirability bias.
In conclusion, timely linkage to care remains critical in treatment and prevention of HIV. Combining a mobile hybrid community-based testing strategy with a novel patientcentered, multicomponent linkage strategy resulted in high linkage rates, with half of all individuals in need of HIV care linked within 1 week of HIV testing and three-quarters linked within a year. Our findings present a feasible and effective linkage approach for adoption by programs in different countries as we move toward universal treatment in similar settings. In addition, our findings draw attention to specific groups that require special attention, namely the young individuals in informal-high-risk occupation sector, home testers, and those with a high CD4 + T-cell count at diagnosis who still pose a challenge and require innovative interventions to further improve linkage. Concerted efforts are thus required to continue to refine and develop linkage strategies to help achieve the maximal benefits of treatment as prevention.
